Central nervous system manifestations such as asterixis, irritability, confusion, hypersomnia or coma are not uncommon in chronic obstructive pulmonary disease (COPD). There is disagreement in the literature as to its aetiology, being variously ascribed to hypoxia, acidosis or hyperammonaemia (Dutton, Nicholas, Fisher, and Renzetti, 1959; Merwarth, Sieker, and Manfredi, 1961; Dulfano and Ishikawa, 1965; Posner, Swanson, and Plum, 1965; Posner and Plum, 1967; Szam, Vass, and Wein, 1969) .
In a previous work (Valero, Alroy and Stein, 1971) we found that respiratory failure encephalopathy did not correlate well with acid-base disturbances of either blood or cerebrospinal fluid nor with blood and CSF Po.. We found, on the other hand, that CSF glutamine was significantly raised in COPD patients who had typical central ' Parts of this work were carried out by J. Itskovitch and will be presented at the Hebrew University Medical School in Jerusalem as a thesis for his M.D. nervous manifestations. Suspicion was raised that the changes were due to congestive heart failure but the direct relationship between raised CSF glutamine levels and the congestive livers could not be demonstrated since no blood ammonia determinations were carried out. Determination of blood ammonia was all the more important since experimental work has demonstrated increased contents of brain ammonia (Agrest, Bercovich, and Navon, 1965) and glutamine (Jaikin and Agrest, 1969) in rats exposed only to long-term hypercapnia.
The purpose of the present study was to evaluate more carefully the role of hepatic congestion in raising blood ammonia in COPD patients and its possible correlation with acid-base balance, Pao2, and CSF glutamine.
MATERIAL AND METHODS
The clinical material comprised 36 carefully assessed patients. Each had a complete clinical examination 703 including direct measurements of venous pressure, bromsulphthalein (BSP) retention, chest radiography, ECG, and spirometry using a dry spirometer (Vitalograph Ltd., Buckingham, England).
In each case CSF-glutamine, -ammonia, -pH, -Pco2, and Po2 were determined concomitantly with arterialammonia, -pH, -Pco2, and Po2. Ammonia was also determined in venous blood. Oxygen therapy when applied was discontinued one hour before the abovenamed diagnostic procedures. Informed consent to carry out lumbar and arterial punctures was obtained in all patients.
A comparative study of these parameters was made in the following group divisions: 1. Eleven fully conscious controls who had lumbar punctures performed on them for signs of meningeal irritation in short-term pyrexias or for signs of mild cerebrovascular accidents. In this group informed consent was obtained for the arterial punctures. 2. Seven fully conscious and mentally alert patients with COPD due to chronic bronchitis and emphysema but with no signs of chronic congestive right ventricular failure (CRVF). The diagnosis was based on a typical history of winter or morning cough and wheezing respiratory rhonchi on examining the chest. Typical obstructive ventilatory studies corroborated the diagnosis. 3. Eight patients suffering from COPD (as above) but with obvious signs of CRVF, all with asterixis and varying degrees of hypersomnia, mental confusion, and drowsiness.
4. Four patients suffering from primary cardiac disease with definite CRVF. The aetiological background was ischaemic heart disease in two, and rheumatic heart disease involving the mitral and tricuspid valves in the remaining two. 5. Eight patients suffering from liver cirrhosis (except for one who was in acute yellow atrophy due to viral hepatitis). Cirrhosis was diagnosed by the presence of hepatosplenomegaly, spider angiomata, oesophageal varices, deranged liver function, and, in some, by needle biopsy. The following neurological manifestations were sought in each patient: asterixis-defined as a flapping tremor consisting of jerky flexion and extension at the wrists while the arms are outstretched; hypersomnia-indicated by excessive sleepiness during day-time; signs of confusion disturbances of orientation and inability to count numbers backwards; drowsiness-a combination of hypersomnia and mental confusion; coma-where the patient could not be awakened even by painful stimuli.
All blood samples were obtained in fasting patients from an indwelling Cournand needle in the brachial artery. Blood was drawn anaerobically into a Luerlock syringe, heparinized and prepared with silicone. Lumbar punctures were carried out with patients lying on their sides. CSF was withdrawn slowly and anaerobically simultaneously with sampling of the brachial blood. The first few drops of fluid were used to wash out the syringe dead-space through a three-way stopcock. All blood and CSF samples were kept on ice and examined within 15 minutes.
ANALYSIS
A modification (Brandstaetter and Barzilai, 1960) Table I .
The mean and -SD values are given in Table  II, and levels of statistical significance in Tables  III to V. AMMONIA In the control group, the ammonia values in arterial blood had a mean and ±SD of 67 0421-5 ug/100 ml. Since it is known that levels of venous ammonia change with muscular activity we have limited our statistical comparison to arterial ammonia. The normal average reported arterial ammonia is approximately 100 ,ug/100 ml for the same method of examination (Seligson and Seligson, 1951) . CSF ammonia determinations gave the lowest figures and the smallest scatter about the mean, probably because of the low CSF protein content.
The mean ammonia levels of blood and CSF in patients with COPD and no CRVF were not different from the normal controls. Patients with COPD+CRVF, and patients with heart disease and CRVF had mean values which were all significantly higher than the mean of the control and COPD no CRVF groups. The only exception was that no significant statistical difference was found between blood ammonia levels of the COPD with and without CRVF although such difference did occur in the ammonia CSF means. This discrep- ancy would appear to be due to the wide range of blood ammonia values. GLUTAMINE The CSF glutamine differences in the various groups paralleled those of ammonia. The mean values were identical for the two CRVF groups and significantly higher than the means of the control and COPD no CRVF groups.
PCo2 VALUES Arterial Pco2 mean values in patients with COPD, COPD+CRVF, and heart disease with CRVF were not statistically different but each one was statistically different from the control mean.
pH VALUES No significant difference was found between the pH mean values of the control group and that of the COPD group. Neither was there any difference between patients with COPD and COPD+CRVF. All other mean pH values were significantly different from one another. CSF pH was markedly constant except for an acidosis in the COPD+CRVF group which was significantly different from all other groups. PCo2 VALUES Arterial Pco2 mean values in patients with COPD, COPD+CRVF, and heart disease with CRVF were all significantly different from the mean control. However, there was no significant difference between COPD and COPD+ CRVF groups. In patients with heart disease and CRVF the Pco2 means were significantly lower than Pco2 means of either COPD or COPD + CRVF groups. Statistically no difference was found between the mean values of the control or COPD groups on the one hand and the COPD+ CRVF group on the other.
COMMENT
It is obvious that CSF ammonia and glutamine levels are a function of ammonia in arterial blood (Fig. 1) . This does not agree with views expressed by Agrest et al. (1965) and Jaikin and Agrest (1969) , who claimed that CSF glutamine is raised in the experimental animal and in patients as a result of increased central nervous system production of ammonia in hypercapnia. Our results show no such correlation between Pco, and ammonia-glutamine in the CSF and anyway the correlation between ammonia and glutamine is well known (Krebs, 1935; Kaplansky and Berezovskaya, 1956 ). Also we could not demonstrate any correlation between hyperammonaemia and acidosis or hypoxia in the blood or CSF. Outstanding in this respect are the heart disease and CRVF patients who were markedly hyperammonaemic, hypocapnic, alkalotic, and hardly or only mildly hypoxic. The only additional parameter which was common to the hyperammonaemic patients and did not exist in the patients who had normal ammonia values is liver congestion (Fig. 2) . Our results, therefore, confirm those of Bessman and Evans (1955) , who reported elevated blood ammonia levels in congestive heart failure. We conclude, therefore, that hyperammonaemia in our patients was related only to congestive right ventricular failure irrespective of its aetiology.
It is interesting to observe that blood and CSF ammonia levels, though lower in patients with congested livers, were comparable with those seen in patients with encephalopathy due to grave primary liver disease (Table II) .
In our previous work (Valero et al., 1971) we did find a correlation between CSF glutamine and CNS manifestations such as asterixis and mental changes. It did not appear from our data that the mental state in respiratory insufficiency was dependent on CSF pH or Pco2 and it would seem from our present study that CSF P02 is also not an aetiologic factor. The difficulty in assessing quantitatively CNS manifestations is obvious. A further objective correlative study between graded nervous changes and hyperammonaemia is necessary. We find it hard to explain the generally known fact that CNS manifestations are commoner in COPD patients than in patients with primary heart disease even when congestive right ventricular failure is prominent.
Our present work lacks also follow-up ammonia determinations in patients undergoing therapy, be it simple diuresis and digitalis or treatment aimed at reduction of ammonia formation, such as low protein diet and neomycin medication. Such a study is being carried out, using the more expedient ion exchange method for the determination of ammonia (Miller and Rice, 1963 
